We 
Introduction
When an interference pattern of fringes of light, with a gratingvector K , is projected onto a photoconductive (not necessarily photorefractive) material, a space-charge electric field is build up with a characteristic time τ sc . The pattern of fringes also produces a periodic pattern of photoexcited electrons in the conduction band that is build up with a much smaller characteristic time τ that is the so-called electron lifetime. If the pattern of fringes is sinusoidally vibrating along the direction of K , with amplitude ∆ and (angular) frequency Ω , a corresponding ac electric current is produced along K , due to the action of the space-charge field on the free charges in the conduction band [1] . This current depends on the material (photoconductivity, density of photoactive centers, diffusion lengh of photogenerated electrons, etc.) parameters. It is therefore possible to characterize some of the material's parameters by adequately analyzing the data from an appropiate experiment.
The present technique has already been used to characterize some photorefractive inorganic crystals [1] as well as photorefractive organic polymers [2] .The influence of bulk light absortion was also reported before but for particular conditions and for large frequencies Ωτ sc >>1 only. Some experiments using pattern-of-fringes vibration of large amplitude were already published before [2] but they use rather rough approximations for the large amplitudes of modulation in their experiments.
Here we report an accurate formulation for the dc ( j o ), first ( j Ω ) and second ( j 2Ω ) harmonic terms in Ω of the holographic photocurrent density, for bulk absorbing materials, including the case of large amplitudes ∆ of the vibrating pattern of fringes. The large ∆ is intented to sensibly amplify the current signal. Bulk absortion effect on both the photoconductivity and the holographic response time is accounted for in order to adequately describe the experiment in the whole range of Ωτ sc .
Theory
The recorded space-charge field modulation and the free charge-carriers distribution in the conduction band of a nonphotovoltaic photorefractive material , in the absence of an externally applied electric field (E 0 = 0 ), are mutually π/2-phase shifted so that the electric current, averaged along the interelectrode distance in the direction of K , is zero. However, if the pattern of fringes is moved fast enough, the above referred phase shift is modified and a current may appear in the form of a pulse, an ac or a dc signal, according to the way the pattern of fringes is moved. Let us assume a pattern of fringes sinusoidally oscillating along the coordinate x (parallel to K ) as described by ) ) ( ( Let us assume electrons to be the only charge-carriers involved. Let us assume the so-called first spatial harmonic approximation that allows one to consider the linearized expressions for the free electron concentration and the overall electric field, respectively 
where L is the interelectrode distance. After substituting a(t) and E sc (t) and rearranging terms we got the following expression for the dc component, for the first harmonic and the second harmonic term for j(t) 
From A it is possible to compute l s (assuming that ε is known).From A/τ sc 2 instead, it is possible to compute σ 0 /(1+K 2 L D 2 ) that allows one to find out σ 0 provided that L D is known.
The physical meaningful value is the real part of the first harmonic term [4] , for this sample. The data reported here and the few data available in the literature for BTO:Ce and BTO:Pb are still not enough to allow one to draw some definite conclusions about the effect of these dopants in BTO. We have shown the interest of using a large modulation amplitude for the phase modulation in the experiment, in order to considerably improve the size of the signal. In this paper we also report an accurate theoretical formulation for this large-amplitude operation condition and draw the attention to the misleading use of some approximations. We have also shown the importance of taking into account the bulk light absortion in these materials.
